A model of brightness coding is presented which is shown to predict the appearance of a number of classical brightness phenomena. The model is known as MIDAAS which stands for Multiple Independent Descriptions Averaged Across Scale. In common with many other approaches to brightness perception MIDAAS imputes to local feature detectors a central role in the computation of brightness. It also explicitly recognises the crucial importance to brightness perception of feature detectors operating at different spatial scales. The unique and definitive feature of the model however is the supposition that each scale of spatial filtering operates as if to generate its own description of the pattern of brightness relationships in the image. The final percept is then provided by the composite of those individual brightness descriptions. It is shown that MIDAAS provides a good account of a variety of Mach band phenomena, the conditions under which the Missing Fundamental illusion is observed, the effect of occluding bars on the apparent contrast of step edges, the Chevreul illusion, simultaneous brightness contrast and the non-linear appearance of high contrast sinusoidal gratings. The advantages of MIDAAS over other approaches to brightness perception is discussed, as well as its current limitations.
INTRODUCTION
The encoding of luminance changes, or contrasts, in the visual world is fundamental to vision. It enables objects to be defined, their relative reflectances estimated and their condition of illumination understood. Important clues to the mechanisms of contrast coding come from studies of the errors made by the visual system when computing the pattern of luminance variation across the image. Particularly dramatic instances of such errors are the class of phenomena known as brightness illusions, of which Mach bands (Mach, 1863, the Cornsweet illusion (Cornsweet, 1970) and Simultaneous Contrast (Brucke, 1865) are perhaps the best known examples. There is a long history of attempts to explain such phenomena, of which the most notable early example is Mach's classic explanation, in terms of lateral inhibition, of the illusory bands which bear his name. Although this explanation is now believed to be deficient on the grounds that it predicts Mach bands to be strongest at a step edge where in fact none are observed (Fiorentini, 1972; Ross, Holt & Johnstone, 1981; Ratliff, 1984 (Horn, 1974; Land, 1986; Hurlbert & Poggio, 1988; Blake, 1985) and have been the principal subject of models explicitly concerned with brightness coding (Arend, Buehler & Lockhead, 1971; Arend & Goldstein, 1987; Hamada, 1984; Cohen & Grossberg, 1984; Grossberg & Todorovic, 1988; Moulden & Kingdom, 1990) .
This communication presents an approach to understanding brightness illusions in terms of the effects of spatial filtering at multiple spatial scales. The model we present draws upon a number of ideas developed in the MIRAGE model of Watt and Morgan (1985) but which differs from MIRAGE in at least one crucial way. MIRAGE is primarily concerned with how information at differential spatial scales may be combined by the visual system to provide meaningful information about the pattern of luminance discontinuities in the image. It makes the challenging suggestion that the convolution-responses of filters across all spatial scales are first summed non-linearly to produce a single composite convolution-response pattern. The shape of this composite response pattern is then interpreted to indicate the type of image feature (e.g. edge or bar) it is assumed to have originated from, as well as the features' associated attributes of position, blur and contrast. The approach has been particularly successful in predicting data on vernier acuity and edge blur discrimination (summarised
